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Abstract 
The new educational paradigm – that is, a transition to learning implementing educational technologies, particularly 
information and communication technologies (ICT) – opens new possibilities of their analysis from the viewpoint of 
the management laws and from a perspective of cybernetics. The article demonstrates that for the educational 
technologies management system built using ICT the cybernetics law of requisite variety must be observed. 
Observance of the law of requisite variety imposes restrictions on the learner’s reactions diversity (behavior). The 
main trends of e-education that are incidental to the necessity of law observance have been detected. Trend one is 
the reduction of the courses length and scope when switching to the e-learning. Trend two is the necessity to 
simulate the learner’s behavior. Trend three is the transition to the self-organization model when running courses. 
© 2015 The Authors. Published by Elsevier Ltd. 
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“It is dangerous for a narrow-minded one to pursue the infinite”. 
Zhuangzi, Chinese philosopher. 
1. Introduction 
Yet another paradigm change has taken place in the educational sphere. It manifested itself in the emergence of 
such terms as “educational technologies” and “pedagogical technologies” (Sovremennye obrazovatelnye tekhnologii, 
2011). What is more, the number of pedagogical technologies is so diverse that a pedagogical technologies 
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encyclopedia had to be published (Selevko, 2006). Without going into particulars of the technologies diversity, we 
shall define what this term comprises in the general use sense. Wikipedia gives the following definition of 
pedagogical technologies: “Pedagogical technology is a special set of forms, methods, ways and procedures of 
teaching and educational means systemically used in the educational process and based on declared psychological 
and pedagogical affirmations, such set always leading to the achievement of a forecasted educational result with a 
tolerable rate” (Pedagogicheskiye tekhnologii, 2015). A definition of the pedagogical technology can also be made 
via a genus-species method, through the general notion of technology. D.N. Ushakov and B.M. Volin believe that 
“technology is an aggregate of sciences and information on the means of any raw material’s processing into a 
produce, a finished product; an aggregate of such manufacturing processes” (Ushakov & Volin, 1940, p. 432). S.Ⱥ. 
Smirnov and I.B. Kotova interpret the technology as an “aggregate and sequence of methods and processes of 
transformation of original materials enabling to come up with products with preset parameters” (Smirnov & Kotova, 
1989, p. 312). It is emphasized that a technological process is a process of intent. Therefore, the technology is 
closely connected with control due to the process purpose existence. This connection is also well-known and stressed 
in some definitions of technology, for instance, in the philosophical dictionary edited by I.Ɍ. Frolova (Filosofskiy 
slovar, 2001). 
2. Issue 
The subject of this article will be consideration of e-learning technologies from the viewpoint of control as a 
result-oriented process. The term “e-learning” implies learning with a help of ICT (information and communication 
technologies). As the authors understand, electronic learning includes e-learning in both the western sense and in the 
sense of article 16 of the Law “On Education in the Russian Federation” (Federalnyj Zakon “Ob obrazovanii v 
Rossiyskoy Federatsii”, 2012). The subject of this article can be formulated differently: the article shall consider the 
subject of controlling the pedagogical process based on the educational technologies – particularly, electronic 
educational technologies from the viewpoint of cybernetics. Cybernetics are used because this is a science about 
general regularities of the processes of control and information transfer in machines, living organisms and society 
(Wiener, 1961). We owe the universal control chart on Figure 1 below to the cybernetics. 
 
 
Figure 1. Control process chart  
Source: Authors
 
Figure 1 contains all components described by yet another prominent cyberneticist Kevin Kelly (1994). 
Cybernetics include studies of feedback, Black Boxes and derived concepts, such as control and communication in 
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living organisms, machines and organizations, including self-organizations. It concentrates attention on how 
anything (digital, mechanical or biological) processes information, reacts to it and changes or can be changed so that 
the first two tasks are performed better (Kelly, 1994). It follows that cybernetics can well be used for analysis of 
education as a result-oriented process, including the one based on the educational technologies. 
In the traditional educational technologies, the control system is a teacher that personally reacts to the course of 
the pedagogical process, as shown on Figure 2. In the electronic educational technologies, the personal component is 
significantly reduced and the system is governed by means of formal procedures. The actual issue of this article is to 
assess to what consequences a change of the management system’s “structure” in the pedagogical process leads.   
The answer to the posed question is given by the general regularities of cybernetic processes – particularly, the 
law of “requisite variety” by W. Ross Ashby (1957). There are two formulations of this law: a verbal one and a 
mathematical one. The verbal formulation made by Ashby himself states: “the variety in the control system must be 
equal to or larger than the variety of the perturbations in order to achieve control” (Ashby, 1957, p. 202). The 
mathematical formulation is based on the calculation of the initial and final number of the controlled system’s states 
and uses the notion of entropy. Figure 2 shows the chart of the educational process control for traditional educational 
technologies. 
 
 
Figure 2. Chart of the educational process control in the traditional educational paradigm 
Source: Authors
 
In the traditional educational paradigm where the teacher is a person that controls the learner who is a person, the 
multitude of initial and final states is countless, i.e. has a cardinality of continuum. However, the personal and 
educational experience of the teacher offered a hope that the variety of the controlling actions is higher than the 
variety of the controlled system’s reactions. Observance of the law of requisite variety is ensured. 
Electronic educational technologies are quite a different matter. Control here has a more complex structure than 
that shown on Figure 3. The information and communication technologies (ICT) are used as a means of the 
educational process support and control, as a means of creations, storage and delivery of the learning content and as 
a means of ensuring interaction between its participants. In their evolution process, the electronic educational 
technologies have passed from formation of the very basic study courses delivered via e-mail and individual 
hypertext modules to the formation of online educational centers with a range of courses, means of academic 
performance analysis and methodological support of students, online universities and electronic educational spaces 
of individual educational entities.   
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Figure 3. Chart of the educational process control in the paradigm of electronic education 
Source: Authors
3. Main points 
In the chart presented above, variety of the first level of the educational process’ control system (ICT) not only 
has no cardinality of continuum, but also is calculable and finite. The law of requisite variety in the instance of a 
hierarchical control system was summarized by cyberneticist and philosopher ȿ.Ⱥ. Sedov (Sedov, 1988). He has 
formulated the low of “hierarchical compensation”. One of the best characterizations was made by Nazaretyan “in a 
complex hierarchical system, the growth of variety at the upper level is ensured through a restriction of variety at the 
lower levels and vice versa, the growth of variety at the lower level [of the hierarchy] destroys the organization’s 
upper level” (Nazaretyan, 2004, p. 335). It follows from the presented characterization of the law that 
implementation of electronic educational technologies shall put pressure on the learner in order to minimize and 
standardize the variety of its reactions and, vice versa, the growth of the learner’s reactions variety destroys the 
entire system of e-learning. And this is a problem of e-learning. 
 Strictly speaking, the necessity to ensure requisite variety occurs in the traditional pedagogical paradigm as 
well and is expressed in a transition to the objective educational form that allows increasing the reactions diversity of 
the upper level of the pedagogical process control system. We shall consider a specific example of the situation. One 
of the best-known non-standard reactions that destroys the educational system is the instance where the learner 
convinces another person to take an exam (attend a course) in his/her place. This problem also exists for the 
traditional education; one only needs to visit a student papers market website to see it. The problem is even more 
acute for e-courses and no adequate solution is known as of today. Biometric methods can be employed, such as 
taking the learner’s fingerprints or eye scans, but nothing prevents the learner from placing another person instead of 
him/her after having passed the biometrical control. Even the well-known procedure of taking USE (Unified State 
Examination) that is also a formalized computer-aided procedure, became controlled only when non-computer-based 
methods were employed, such as online monitoring, checklists, access restrictions, etc. 
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4. Results and discussion 
We shall consider the main trends in the e-learning sphere related to the problem of the requisite variety 
provision. 
Trend number one: the reduction of the courses length (and scope). The requisite variety of the study process 
can be ensured by making the study courses shorter while increasing their number. Figure 4 below shows a bar chart 
of the study courses` number depending on the number of the courses` study units for the online education website 
“National open university” (Natsionalnyj institut otkrytogo obrazovaniya, 2015). 
 
 
Figure 4. Number of courses that have a preset number of study units  
Source: Authors` own research data
 
The bar chart is based on the open-source data provided on the website. A study unit is perceived as either a 
lecture + a test, or a practical work, or a semester paper, or an exam. The term is used solely for making calculations. 
On Illustration 4, a tendency for occurrence of shortened courses with a small number of study units is clearly seen. 
The authors explain such tendency’s existence by requirements of the law of requisite variety. Moreover, a small-
volume course is easier to standardize and availability of a wide range of courses creates the requisite variety. An 
issue of the courses inter-correlation becomes important then. Here we find it appropriate to mention the principle of 
emergence formulated by W. Ross Ashby (1957): “…when the system becomes large, so that the range of size from 
part to whole is very large, the properties of the whole are very different from those of the parts” (Ashby, 1957, 
p.110). Existence of the emergence gives a teacher greater freedom in development of his/her own study course. We 
owe it to the emergence principle that we have study courses consisting of 30 or more study units. 
Trend number two: the necessity to simulate the learner’s behavior. Let us get back to the mathematical 
formulation of the law of requisite variety. Let us assume that a multitude of states {x} of the controlled system and 
a multitude of controlling actions {u} of the control system are preset. Let us say that control u transfers the 
controlled system from one state into another, if 
ݑǣ ݔ ՜ ݕ א ܻ ك ܺሺͳሻ 
If we introduce the notion of entropy – the quantitative measure of variety – H(ɯ), then the law of requisite 
variety can be presented as follows: 
ሺሻ ൒ ሺሻ െ ሺǡ ሻሺʹሻ 
where I(u,x) is the amount of information the controlling system knows about the controlled one. 
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In other words, variety of the controlling system’s reactions must be per amount of information about the 
controlled system. Thus, the task of obtaining information about the learner becomes important. In order to ensure 
the importance of the posed issue, one only needs to enter “learner model” in any web search engine and see an 
extensive list of literature sources regarding this topic. However, restrictions lie on this path. According to the 
principle formulated by a prominent cyberneticist Stafford Beer (2007) for a system’s normal functioning a “Black 
Box” is required that is instrumental for creating uncertainties in the control system. Abovementioned ȿ.Ⱥ. Sedov  
(1988) even suggested a quantitative ratio of 80% certainty vs. 20% uncertainty as optimal for the system’s 
functioning. The 80/20 ratio, also known as Pareto principle, should be interpreted within the socio-cultural context 
– that is, within the framework of rules that do not destroy the system. A possibility of there being a system-
destroying behavior was discussed above. It is hard to say whether this agreement is reached as of today, but it sets a 
barrier at the subject of a learner’s models construction. 
Trend number three: the transition to the self-organization community. The necessity to diversify the learner’s 
reactions allowable in the e-learning is expressed today in the ambition to use such methods as the cross-marking of 
works that was first employed in the mass open educational courses. Within the cybernetic regularities, an existence 
of such trend can be interpreted as the ambition to change the control system shown on Illustration 3. The point is to 
switch from the hierarchical scheme of the educational process control to the concept based on the learners’ self-
organization. The self-organization based education enables to overcome the subject-object dominant of the 
pedagogical process control that is shown on chart 3. 
 The task of transition from the enforced study to the study based on self-organization is of current concern 
for the traditional pedagogy as well. Thus, teachers of Harvard University who have actually created case 
technologies of education write that the formula for success is to form the group as a learning community” (Barnes, 
Christensen & Hansen, 2000). When switching to the e-technologies of education, the way of self-organization 
allows getting away from restrictions placed upon the learner by the law of requisite variety. In the practical sense, 
there is a high demand in people that can create self-organizing communities. According to the materials of the 
educational foresight in Skolkovo business school one of the future professions that are going to be in a great 
demand is an organizer of Internet communities. Naturally, a specialist of this knowledge profile could have been 
employed as a tutor to support the learners’ communities. In the pedagogical sense, one of the conditions of a 
transition towards self-organization requires not only a switch to the new system of the pedagogical process control, 
but also a switch to the new methods of knowledge engineering (cognitology). In particular, V.ȿ. Lepskiy (2005) 
writes that in order to eliminate the subject-object control paradigm, a transition from the subject-oriented system of 
knowledge organization to the procedure organization is required. The academician and educator Sugata Mitra who 
sets the objective of creating SOEE (self-organizing educational environment) has advanced on the path of self-
organization in education in the most radical way (Professor Sugata Mitra, 2015). Strictly speaking, creation of self-
organizing educational environment and formation of a self-organizing study group are different objectives, but the 
self-organization degree and its versions are subjects of a separate research. 
5. Conclusion 
The claimed target of this article was to analyze managerial aspects of the educational process. It was 
demonstrated that the action of objective laws of cybernetics, such as the law of requisite variety, leads to occurrence 
of certain tendencies (trends) that are intended to sustain the requisite variety. Three main trends are determined. A 
more global-scale conclusion can be made that the educational processes analysis using objective management laws 
is a task of current concern and importance. 
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